OBJECTIVES: Our aim was to report outcome of patients with acute non-A non-B aortic dissection involving the aortic arch but not the ascending aorta.
INTRODUCTION
Acute aortic dissection occurs when blood penetrates the intima and enters the media layer, splitting the aortic wall into 2 layers: the thin outer sheet acting as the new aortic wall, and the inner one, called a dissection flap, which then stops contributing to aortic wall stability [1] . Instable aortic wall architecture may cause the aorta to rupture or its diameter to rapidly expand [2] . Furthermore, the dissection itself often hinders blood flow and can cause end-organ malperfusion [3] .
Treatment of a dissected aorta depends on the dissection's location. If the ascending aorta is dissected (Stanford Type A, DeBakey Type 1 and 2), emergency surgery and the replacement of at least the ascending aorta is necessary [1] . If the dissection process involves the descending rather than the ascending aorta (Stanford Type B, DeBakey Type 3), conservative or interventional treatment is recommended depending on the dissection's anatomy, aortic diameter and organ perfusion [1] . Treatment options and their outcomes regarding both scenarios are widely reported [4] [5] [6] [7] [8] [9] [10] . Both Stanford and DeBakey classifications are based on the intimal flap's anatomic location; neither addresses the situation when the aortic arch is dissected, but not the ascending aorta [11, 12] .
There are several reports on descending thoracic aortic dissection with the entry tear distal to the left subclavian artery and retrograde dissection propagation in the aortic arch [13, 14] . However, little is known about the non-A non-B dissection starting in and involving aortic arch but not the ascending aorta. We provide a clinical report on a consecutive patient series with non-A non-B aortic dissection from our aortic centre currently handling 60-80 acute aortic dissections per year. We hypothesized that acute non-A non-B aortic dissections require early aortic repair to avoid organ malperfusion, aortic rupture and rapid aortic growth.
MATERIALS AND METHODS

Study population
Our institutional review committee approved this study and the need for informed consent was waived (No. 289/14). The Heart Centre Freiburg University aortic dissection database was searched for all patients with acute aortic dissection operated on between January 2001 and April 2016. The cumulative caseload was n = 396. Of these, a total of 43 (11%) patients presented a dissection process involving the aortic arch but not the ascending aorta (non-A non-B dissection). They were divided into 2 groups: patients with the entry tear located distal to the left subclavian artery (non-A non-B descending entry type, n = 21; in previous reports described as Type B dissection with retrograde dissection arch extension [13, 14] ), and patients with the entry tear in the aortic arch (between the innominate and left subclavian artery, non-A non-B arch entry type, n = 22; Figs 1 and 2) . Patients were followed up for the past 15 years in our aortic outpatient clinic at least 1-year intervals. The median followup was 4.4 (first quartile 2.4; third quartile 8.2) years.
Image analysis
Aortic diameters, segmental lengths and entry location were analysed according to electrocardiography gated computed tomography angiography (CTA). A slice thickness of 3 mm or less was accepted. Analysis was performed using Impax EE (Agfa HealthCare N.V., Morstel, Belgium). All the measurements were taken in multiplanar reconstruction always in plane perpendicular to the manually corrected local aortic centreline. Aortic diameter was calculated as the mean of maximum and minimal diameter. CTAs obtained at admission, CTA before reintervention, and CTA at the last follow-up CTA were analysed.
Treatment
The dissection's anatomy and organ perfusion were carefully assessed in all patients at admission. Patients presenting initially with hypertension or pain only, but without malperfusion or aortic rupture, were treated conservatively. Patients with end-organ malperfusion defined by clinical (pulseless and cold extremities, severe abdominal pain), laboratory (elevated serum lactate) and imaging evidence (collapsed true aortic lumen, dissected visceral arteries with significantly narrowed true lumen by thrombosed false lumen) or aortic rupture were treated endovascularly or in open fashion on an emergency basis. Endovascular treatment involved thoracic endovascular aortic repair (TEVAR) with (TEVAR Zone 2) or without (TEVAR Zone 3) carotid-subclavian bypass or transposition of both left carotid and left subclavian artery (TEVAR Zone 1) as well as isolated stenting of dissected visceral vessels. The hybrid approach included sternotomy for supra-aortic vessels debranching with Dacron bypasses anastomosed on the ascending aorta and TEVAR with stent graft landing in the distal ascending aorta (TEVAR Zone 0). Open surgery included aortic arch replacement usually in frozen elephant trunk technique or malperfused organ revascularization with arterial bypasses. The decision on an endovascular, hybrid or open approach was made individually by the surgeon primarily to save the patient's life and secondarily, to close the entry tear.
Patients with no organ malperfusion, no aneurysm and no aortic rupture were admitted to the intensive care unit for blood pressure monitoring, hypertension and pain treatment according to Type B aortic dissection guidelines [1] .
Statistical analysis
Continuous data are reported as median (first quartile, third quartile), categorical variables are reported as counts and percentages. To compare continuous variables, the Student's t-test was applied when equal distribution was present as tested by the Kolmogorov-Smirnov test. For unequally distributed variables, the Mann-Whitney rank sum test was employed. Categorical variables were compared using the v 2 test. In case of small group sizes (n <5), Fisher's exact test was employed. Survival and freedom from aortic repair were analysed using the Kaplan-Meier method and log rank calculations. All statistical calculations were performed using SigmaPlot 12 (Systat Software, San Jose, CA, USA).
RESULTS
A total of 43 patients were included. Cardiovascular risk profiles and clinical presentation data are shown in Table 1 . There were no differences between descending-entry and arch-entry patients regarding age, gender and risk profile. A total of 3 patients presented in cardiogenic shock. At least 1 case of organ malperfusion at the time of non-A non-B dissection diagnosis was observed in 4 descendingentry and 10 arch-entry patients (20% vs 46%, P = 0.128).
Aortic anatomy
Common origin of the innominate and left common carotid arteries, bicarotid trunk and the left vertebral artery origins from the aortic arch were observed in 28%, 2% and 16% non-A non-B dissection patients, respectively. Dissections extending into the left carotid artery were more frequent in arch-entry patients (23% vs 0%, P = 0.048). The dissection process extended into the abdominal aorta in the vast majority (>90%) of both descending and arch-entry patients. Descending thoracic and abdominal aortas were larger in descending-entry patients (P = 0.074 and P = 0.034, respectively). All patients had an aortic diameter <45 mm in all aortic segments except for 2 with an ascending diameter measuring 46 mm, 1 with a distal arch of 55 mm and thoracic descending of 48 mm, 1 with a thoracic descending measuring 52 mm and 2 with an abdominal of 48 and 53 mm (all non-A non-B descending-entry dissection patients). Dissection entry was at the descending convexity in n = 8 and the descending concavity in n = 10 descending-entry patients. The entry in the arch-entry patients was at the arch convexity in n = 21 and arch concavity in n = 1 patients (Table 2) .
Aortic repair
Timing. Overall, n = 14 (33%) patients underwent aortic repair emergently. The reasons for immediate therapy were: n = 5 aortic ruptures, n = 4 iliac malperfusion, n = 2 visceral malperfusion, n = 2 both iliac and visceral malperfusion and n = 1 suspected Type A dissection. In all, n = 17 (39%) patients were treated within 2 weeks due to n = 5 and n = 2 new visceral and iliac malperfusion, n = 2 uncontrolled high-blood pressure, n = 2 persisting pain, n = 1 aortic aneurysm, n = 1 penetrating atherosclerotic ulceration and n = 1 rapid diameter increase of 7 mm within 4 days. Furthermore, 2 patients developed aortic rupture and 1 new-onset severe pain within 2 weeks; these 3 patients underwent emergency surgery (Fig. 3 ). 
CONVENTIONAL AORTIC SURGERY
Approach. TEVAR was performed in 14 descending-entry (all TEVAR Zone 3) and 15 arch-entry patients (n = 1 TEVAR Zone 1, n = 9 TEVAR Zone 2, n = 5 TEVAR Zone 3, Table 3 ). The frozen elephant trunk procedure was performed in n = 3 descending-entry and 1 arch-entry patient. One patient underwent hybrid arch repair including the ascending-innominate and ascending-left carotid bypass and TEVAR Zone 0 and another conventional total aortic arch replacement (all in the Type 2 group). Other interventions included n = 1 thoraco-abdominal aortic replacement, n = 1 ascending aortic circular cut and end-to-end anastomosis to prevent retrograde Type A dissection, n = 1 femoro-femoral cross-over bypass, n = 1 iliac thrombectomy and abdominal dissection flap fenestration, n = 1 coeliac trunk and mesenteric artery angioplasty and n = 1 renal artery angioplasty. Two patients are being treated conservatively: 1 descending-entry with an unchanged descending diameter for 1 year and no malperfusion, and an arch-entry with an aortic arch aneurysm measuring 50 mm refusing any intervention.
Results. In-hospital mortality was observed only in those patients who required emergency aortic repair: 17% and 37% in descending and arch-entry patients, respectively (P = 0.580, Table 3 ). Overall inhospital mortality was 5% and 14% in descending and arch-entry patients, respectively (P = 0.607). Median hospital time in all non-A non-B patients was 15 (10; 21) days. One descending-entry and 4 arch-entry patients developed a retrograde Type A dissection (P = 0.345). All underwent emergency ascending replacement with no in-hospital mortality. A total of 14 (33%) patients required secondary aortic interventions (7 TEVARs, 5 open aortic repairs and 2 hybrid arch replacements) at follow-up. Overall survival so far in descending and arch-entry patients is 90 ± 7% vs 90 ± 7%, 73 ± 12% vs 84 ± 8%, P = 0.495, at 1 and 5 years, respectively (Fig. 4) .
Dealing with entry tear. The primary entry was closed at the initial surgery or intervention in 90% descending-entry and 62% arch-entry patients (P = 0.067). Of the 8 patients presenting an open primary entry tear who survived initial repair, only 1 patient is now being treated conservatively, whereas 4 required an aortic reintervention for thoracic aortic aneurysm, 1 for retrograde Type A dissection (another 2 patients died 3 weeks and 1.5 years after aortic repair for unknown reasons). Among 29 survivors of 
DISCUSSION
Various disease classification systems are usually developed to facilitate triage and improve patients' treatment results. The DeBakey and Stanford aortic dissection classifications were introduced in the 1950 s and 1960s [11, 12] . By definition, the Stanford Type A dissection involves the ascending aorta and Type B starts distal to the left subclavian artery. The DeBakey classification is similarly focused on ascending and descending involvement in the dissection process. However, aortic dissections involving the aortic arch but not the ascending aorta are not addressed in either the Stanford or DeBakey system. An imaging study reported that this dissection manifestation was diagnosed in 7% of all patients presenting with acute aortic dissection [15] . However, clinical data on its symptoms, treatment and outcome exist as case reports or small patients series with n <10 [16] , and studies on Type B aortic dissection with retrograde arch extension and entry tear in the descending aorta [13, 14] , (a non-A non-B Type 1 dissection according to our classification). Herein we report 15 years of experience in our aortic centre with an 'all-comers' approach to aortic dissection and the management of later aortic complications. Our main observations involving patients with non-A non-B dissection are:
i. The incidence of non-A non-B dissection among all patients with acute aortic dissection was 11%. In half of them, the entry tear was located in the aortic arch (arch-entry non-A non-B dissection). ii. Patients with non-A and non-B dissection frequently present (28%) a shared origin of the innominate and left carotid common artery as well as a clear arch origin from the left vertebral artery (16%). iii. The overwhelming majority of patients required aortic repair.
One-third of the non-A non-B dissections underwent emergency aortic repair usually due to aortic rupture or endorgan malperfusion, and another third underwent aortic repair within 2 weeks. iv. TEVAR Zone 2 or 3 in descending-entry and more extensive aortic arch repair in arch-entry non-A non-B dissection patients should be considered to close the primary entry and redirect the blood flow into the true lumen. v. Overall in-hospital mortality in non-A non-B dissection patients was 9%. The highest in-hospital mortality (37%) was observed in arch-entry patients who needed emergency surgery.
Relationship to previous studies
There are few reports on descending aortic dissection with dissection components in the aortic arch but not the ascending aorta. The incidence of this configuration among acute Type B dissection patients ranges from 5% (Umaña et al. [17] ) to 25% (Tsai et al. [13] ). When screening all reported aortic dissection patients, non-A non-B was diagnosed at a frequency of 2-3% [16, 18] . In our study, 11% of all aortic dissections were non-A non-B dissection.
In their analyses, the International Registry of Acute Aortic Dissection (IRAD) investigators found that retrograde aortic components of descending dissection (non-A non-B descendingentry type according to our classification) did not affect management strategy or early or late mortality [14] . However, the drawbacks of their survey are its multi-centre approach involving imaging analyses separately at each centre and a loss of imaging follow-up. In a recently published single centre experience with 8 non-A non-B dissection patients, 5 underwent conventional aortic arch replacement with no in-hospital mortality and all 3 treated conservatively died within 2.5 years [16] . In our study, all but 2 patients underwent endovascular, open, or hybrid aortic repair. Within the first 2 weeks, only a third of our patients were still undergoing conservative therapy. In-hospital mortality was associated with the need for emergency surgery. The highest mortality (>30%) was observed among patients with the entry within the aortic arch (non-A non-B arch-entry type dissection) operated on emergently for aortic rupture.
Non-A non-B aortic anatomy
There is evidence that the incidence of acute Type A aortic dissection is associated with common origin of the innominate and left common carotid arteries [19] . Twenty-eight percent of our study patients presented above-mentioned arch configuration, nearly twice that (15%) reported in the normal population [19] . An arch origin of the left vertebral artery (16% incidence in our study population) is 4 times higher than the 4% reported in the normal population [19, 20] . We have already shown that acute Type A dissections usually occur in patients with a non-dilated ascending aorta [2, 21] . In this study, the vast majority of aortic segments were not dilated, and only 1 patient had an aortic arch aneurysm. Dissection entry in the aortic arch was almost always at the arch convexity. The innominate artery's natural anatomical barrier might have prevented further dissection propagation into the ascending aorta, thus the entry tear is on the convexity in most non-A non-B arch-entry type dissection patients. In our descending-entry patients, the entry was located at the concavity and convexity with equal frequency. Our data do not suffice to explain the tendency towards a larger descending and abdominal aorta in descending-entry patients; further investigation is needed.
TEVAR Zone 2 or 3 in descending-entry and more extensive aortic arch repair in arch-entry patients are recommended
There is growing consensus that success of the endovascular approach to acute dissection is the closure of the primary entry tear [22] . In descending-entry patients with an entry tear distal to the left subclavian artery, TEVAR Zone 3 (landing zone distal to the left subclavian artery) or for more proximal entries just at the edge of the left subclavian artery TEVAR Zone 2 (landing zone between left subclavian and left common carotid) enable effective entry tear closure. In case of an entry tear in the aortic arch, more extensive arch repair like the hybrid aortic arch involving rerouting the supra-aortic arteries and TEVAR Zone 0 (landing zone in the ascending aorta) or complete aortic arch replacement in for example frozen elephant trunk technique might be necessary to close the entry tear. We closed the entry tear in almost all (90%) our descending-entry patients, but the entry tear remained open in some arch-entry patients. This led to an increased need for aortic reoperations in those patients. Furthermore, 2 patients with unclosed entry died for unknown reasons. Entry tear closure seems to be an important aim of primary surgery.
Frozen elephant trunk procedure is reasonable in selected patients
Frozen elephant trunk surgery comprises ascending and aortic arch replacement with a stent graft implantation in the descending thoracic aorta using single hybrid prosthesis [23] , an approach increasingly taken in patients with acute Type A or B dissection [24] [25] [26] . The most important advantages are no endoleak Type 1a, and establishing a highly stable proximal landing zone for eventual stent graft implantation in the descending thoracic aorta. Four of our patients underwent frozen elephant trunk surgery with no inhospital mortality. This technique allowed us to eliminate an ascending dilatation in 2 patients, and in 1 patient an additional penetrating atherosclerotic ulceration in the arch; we created a long proximal landing zone in all of them. One patient has undergone a distal stent graft extension to close a more distal entry.
Study limitations
This is a retrospective single centre study. Selection bias cannot be excluded. The location of entries observed in our study was analysed according to CT angiography. It is well known that CT angiography does not allow identifying all communications, however there is no other more sensitive non-invasive method currently available.
CONCLUSIONS
Aortic arch anomalies such as common origin of the innominate and left common carotid arteries and an arch origin from the left vertebral artery are frequently diagnosed in patients presenting non-A non-B aortic dissection. Non-A non-B dissection patients only sporadically have an aortic aneurysm or dilatation. Acute non-A non-B aortic dissection frequently requires emergency aortic repair due to organ malperfusion or aortic rupture. Most of both descending and arch-entry non-A non-B dissection patients need aortic repair within 2 weeks after dissection onset. Entry tear closure seems to be an important aim of the primary surgery to improve outcome and reduce the need for secondary interventions.
